Acute kidney injury (AKI) is the common clinical syndrome which is associated with increased morbidity and mortality. The severity extends from less to more advanced spectrums which link to biological, physical and chemical agents. Oxidative stress (OS)-related AKI has demonstrated the increasing of reactive oxygen species (ROS) and reactive nitrogen species (RNS) and the decreasing of endogenous antioxidants. Medicinal plants-derived antioxidants can be ameliorated oxidative stress-related AKI through reduction of lipid peroxidation (LPO) and enhancement of activities and levels of endogenous antioxidants. Therefore, medicinal plants are good sources of exogenous antioxidants which might be considered the important remedies to ameliorate pathological alterations in oxidative stress-related AKI.
Introduction
Kidney functions are excretions of waste products and toxins from blood circulation (approximately 20-25% from cardiac output), preservative of bodily fluids and electrolytes homeostasis, and regulation of blood pressure and hormone secretions. Counteraction of toxic substances in bloodstream against vessels, glomeruli and tubules of kidneys results in disruptions of renal architectures and functions. Acute kidney injury (AKI) is the common clinical complication which is associated with increased morbidity and mortality, affecting about 1-7% of hospitalised patients and 1-25% of patients in the intensive care unit (ICU) ( Recently, the Acute Kidney Injury Network (AKIN) developed a new system for staging AKI which stages 1, 2 and 3 were corresponded with the risk, injury and failure categories ( Table 2 ). The severity extends from less to more advanced spectrums which link to biological, physical and chemical agents. Ischemia and sepsis are common causative factors of AKI (Mehta et al., 2004) . Functional and structural alterations of renal microvasculature are important processes contributing to the pathophysiology of AKI. The persistent deficit in renal blood flow has been posited to be intrinsically linked to tubular injury, inflammation and vascular alterations (Sutton 2009 ). In sepsis, AKI is triggered by both ischemic and inflammatory components, leading to the loss of renal epithelial cells and tubular cell dysfunction. Oxidative stress (OS) is the most important factor that is associated with various pathologies during AKI. This review emphasises the activities of antioxidants from phytochemical constituents of medicinal plants to insult OS-associated pathologies in AKI. (Riley 1994 ). Antioxidants are any substances which can inhibit the oxidation of oxidative substrates (Halliwell 1995) . They have several molecules that play a role in antioxidant defence, including endogenous (internally synthesised) and exogenous (consumed) antioxidants. They can be divided into two types depending on mechanism of action, either chain breaking antioxidants or preventive antioxidants (Benzie & Strain 1999) . Preventive antioxidants reduce the rate of chain initiation by deactivating metals, quenching singlet oxygen and removing hydroperoxides, including transferrin, ferritin, ethylenediaminetetraacetic acid (EDTA), ceruloplasmin, catalase, SOD and GPx. Whereas, chain breaking antioxidants are the molecules that have the ability to receive or donate an electron from a radical with the formation of stable byproducts including α-tocopherol, ascorbic acid, uric acid and β-carotene 
Protective effect of medicinal plants-derived antioxidants in OS-related AKI
Kidney damage in OS-related AKI was associated with increased ROS/RNS production, leading to oxidation of several macromolecules (e.g. protein, DNA and lipid). Production of lipid peroxidation (LPO) in OS-related AKI results in large production of secondary products such as malondialdehye (MDA) and 4-hydroxynonenal (Cristol et al., 1996) . LPO refers to the oxidation of lipids particularly polyunsaturated fatty acids by mechanism of free radical chain reaction. Like ROS/RNS, resulting lipid peroxides are dangerous to cells due to its ability to sustain free radical cascades, eventually leading to increased membrane rigidity and abnormalities of endothelial function which may be involved in the pathophysiology of AKI (Pieper et al., 1997; Farooqui & Horrocks 1998) . Moreover, OS-related AKI was significantly reduced by endogenous antioxidants (Seok et al., 2007; Ghule et al., 2011) . GR-deficient mice were used to demonstrate ROS-mediated renal proximal tubule injury (Rogers et al., 2006) . Medicinal plants-derived antioxidants ameliorated kidney against OS during AKI as summarised in Table 3 .
Medicinal plants-derived antioxidants can be protected against renal damage through reduced LPO and increased endogenous antioxidants. Increased activities and levels of endogenous antioxidants are the key factors to reduced OSinduced AKI. Endogenous antioxidants are mainly comprised of SOD, catalase, GPx, GR and GSH. SOD converts O 2
•-into H 2 O 2 as shown in Fig. 1 . There are 3 forms of SOD in mammalian tissues depending on a specific subcellular location and different tissue distribution including copper zinc-SOD (found in the cytoplasm and organelles), manganese-SOD (found in the mitochondria) and extracellular SOD (expressed on the cell surface) (Young & Woodside 2001) . Catalase is an endogenous antioxidant enzyme which protects body from OS by converting H 2 O 2 into water and oxygen. It is highly abundant within peroxisomes, which also contain most of enzymes capable of generating H 2 O 2 . The amount of catalase in cytoplasm and other subcellular compartments remain unclear, because peroxisomes are easily ruptured during the manipulation of cells. The most activity is present in liver and the red blood cell (Young & Woodside 2001) . GPx is known as primary antioxidant in the body and is believed to synthesise mainly in kidney (Roxborough et al., 1999) . The highest concentrations are found in the liver. The predominant subcellular distribution is found in cytosol and mitochondria, suggesting that GPX is the main scavenger of H 2 O 2 in those compartments. GR is an important cellular enzyme which converts GSSG into GSH as illustrated in Figure 1 .
Cells that are exposed to high levels of OS are needed for this reaction. Augusti et al., (2008) demonstrated the protective role of astaxanthin against mercury nephrotoxicity by reducing OS. A carotenoid, astaxanthin is able to prevent the increased LPO and protein oxidation and attenuate histopathological changes caused by mercuric chloride in kidney. In addition, it can protect the depression of SOD activity (Augusti et al., 2008) . Khan et al., (2010) provide evidence that potassium dichromate administration caused nephrotoxicity in both proximal tubule and glomerulus through OS induction. Tocotrienol, a member of vitamin E family, supplementation exhibited the capacity to reduce proximal tubular injury and renal LPO, and increased GSH level and catalase activity. Moreover, it is able to improve the index of NO 2 -/NO 3 -generation. 
indicated that leaf extract of Thai herb, Thunbergia laurifolia, has the ability to reduce OS-associated kidney damage induced by lead (II) nitrate in fish. Supplementation of T. laurifolia leaf extracts is able to increase the activities of intrinsic antioxidant, including GSH, GPx, GR and catalase and able to deplete LPO, ultimately reducing kidney pathology. They suggested that constituents in leaf extract including chlorophyll derivatives, apigenin and caffeic acid may act as antioxidant (Palipoch et al., 2011a, b) .
Conclusion
OS is one of the important factors contributing to AKI by increasing production of oxidants, particularly ROS and RNS and/or ineffective/insufficiency of endogenous antioxidant defence system. Medicinal plant-derived exogenous antioxidants are demonstrated to ameliorate AKI-induced OS by reduced LPO and enhanced oxidant scavenging ability of antioxidant defence system. We suggested that supplementation of antioxidant obtained from medicinal plants might be considered the important remedy to abrogate pathology of OS-related AKI.
